INTRODUCTION
Biofilms pose serious problems in many different environments, ranging from the human body to the marine environment. Regardless of its environment, biofilm formation commences with the adsorption of a conditioning film, to which the first arriving bacteria subsequently adhere. In the marine environment, seasonal changes affect the chemical composition of the conditioning films formed through the adsorption of proteins, lipids, humic acids, nucleic acids, polysaccharides and aromatic amino acids. Marine organisms adhere better to conditioning films formed in the spring than to films formed in the winter, as spring films contain greater amounts of proteins and organic carbon (2) .
Along with changes in chemical composition of a substratum surface after conditioning film formation (3, 8, 11) , physicochemical properties of the surface such as its hydrophobicity, roughness, charge and elasticity may alter (1) . Although many studies have shown relationships between substratum hydrophobicity, charge or roughness with bacterial adhesion, it is still hard to understand how the multiple changes brought by the adsorption of a conditioning film impact bacterial adhesion. Conditioning films adsorbed from tear fluid on contact lenses changed the surface properties due to presence of proteinaceous material.
Multiple linear regression analysis using the elemental surface composition, presence of proteins, surface hydrophobicity and surface roughness as input subsequently demonstrated that adhesion of Pseudomonas aeruginosa could be described by the hydrophobicity, surface roughness, percentage oxygen and nitrogen, O=C/O-C ratio and the presence of proteins on the surface (4) . The complexity of the changes brought about by the adsorption of a conditioning film and our lack of understanding its impact on bacterial adhesion has hampered the development of antifouling coatings. This is especially important in the marine environment, as environmental restrictions have impeded the use of bacteriocidal coatings based on tributyltin and cuprousoxide.
Therefore, the aim of this chapter was to determine the changes in physicochemical surface properties of experimental, polyurethane antifouling coatings after incubation in natural seawater and to relate these changes with deposition of three marine bacterial strains in a stagnation point flow chamber using multiple linear regression analysis. Table 1 ) and elastic moduli of 1.9 GPa and 1.5 GPa for hard '650' and soft '670'coatings, respectively, were applied on glass, as described before (1) . Conditioning films were allowed to form at room temperature by Atomic Force Microscopy (Nanoscope III AFM, Digital Instruments, Santa Barbara, USA)
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was performed on conditioned and unconditioned polyurethane coatings with a silicon nitride cantilever (Veeco, Horwich, UK) with a spring-constant of 0.06 Nm -1 in order to determine the mean surface roughness (R a ). R a indicates the average distance of the roughness profile to the center plane of the profile and was determined on three randomly selected sites per surface. Furthermore, the elastic modulus of the coatings was assessed by measuring their indentation hardness with the AFM, as described in detail before (1, 14) .
Flow chamber experiments.
A stagnation point flow chamber (SPFC) was used in this study, as described before in detail (1, 5) . The flow chamber was incorporated between two communicating vessels placed at different heights and containing the bacterial suspension, to create a pulse-free flow by hydrostatic pressure. Fluid was recirculated with a roller pump between the vessels. In the SPFC, adhesion in an area 1.1 mm away from the stagnation point was observed with a CCD-LDH camera (Philips, Eindhoven, The Netherlands) mounted on a dark-field microscope (Leitz, Stutgart, Germany) equipped with 50 × objective (Leitz 
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Conditioning film characteristics.
Surface characteristics of the substratum surfaces after incubation in artificial and natural seawater are presented in Table 1 . After incubation of the polyurethane coatings in natural seawater, the water contact angle for the hydrophilic coating increased on average 8 degrees, whereas for both hydrophobic coatings a clear decrease in water contact angles was observed of on average 8 degrees. These changes in hydrophobicity were accompanied by changes in surface chemistry of the coatings. All four polyurethane coatings contained carbon as a major constituent, but after incubation in natural seawater a significant decrease in the amount of carbon was observed for the nonfluoridated coatings (on average 5.0 %), whereas the amount of carbon did not change for the fluoridated polyurethanes. An increase in the amount of surface nitrogen was observed for all coatings after incubation in natural seawater (on average 0.7 %), indicative for the presence of proteins on the surface. A small increase in silicon was observed after incubation of the surfaces in natural seawater, probably due to small sand particles.
The mean surface roughness of the substratum surfaces, as determined by AFM, was on average 2.7 nm for the hard coatings and 5.9 nm for the soft coatings. After conditioning film formation in natural seawater, surface roughness increased up to 4.7 nm for the hard coatings and up to 12.9 nm for the soft coatings. Bacterial deposition. Table 2 shows the initial deposition rates for the three strains on substrata after incubation in artificial or natural seawater. In the absence of a conditioning film, the most hydrophobic bacterium M. hydrocarbonoclasticus adhered preferentially to the more hydrophobic, fluoridated coatings, while in the presence of a conditioning film no significant differences in initial deposition between the hydrophobic and more hydrophilic, non-fluoridated coatings were observed. Psychrobacter sp. adhered preferentially to the hard non-fluoridated coating, whereas after incubation highest initial deposition rates were observed for the soft fluoridated coating. The most hydrophilic strain H. pacifica showed higher initial deposition rates to the hydrophilic, non-fluoridated coatings. Multiple linear regression analysis. For multiple linear regression analysis, all data obtained for substrata with a conditioning film were expressed as a difference, relative to the data for the substrata in the absence of a conditioning film. The difference in initial deposition rate was taken as the dependent variable and the differences in water contact angle, mean surface roughness, the percentage surface composition %C, %O and %N were taken as explanatory variables. Pearson's correlation test demonstrated a high correlation between %C, %F and %Si and hence %F and %Si were excluded from the analysis. Furthermore, since the elastic modulus did not change upon incubation, it was also excluded from the analysis. Table 3 shows that the difference in water contact angle upon conditioning film formation is influential on the deposition of all three strains, although for Psychrobacter sp. (the intermediately hydrophobic strain) the influence of the water contact angle difference was not significant. Conditioning film formation also impacted the initial deposition rates of Psychrobacter sp. and H. pacifica through changes of the mean surface roughness, although here too the influence of mean surface roughness on deposition of Psychrobacter sp. was not significant. Note that in case of M. hydrocarbonoclasticus ATCC 27132, a small and almost significant influence of the presence of adsorbed nitrogen rich components on initial deposition was seen. Fig. 1 shows the influence of water contact angle, mean surface roughness and nitrogen surface concentration on the changes in initial deposition rates of the strains in a single parameter model. Fig. 1a demonstrates that the deposition of the most hydrophobic strain increases upon the substratum becoming more hydrophobic due to conditioning film formation, while the deposition of the more hydrophilic strains decreases. Deposition of H. pacifica and Psychrobacter sp. increased with increasing surface roughness (see Fig. 1b ), whereas increasing nitrogen surface concentrations had a negative influence on the deposition rates (see Fig. 1c ).
a degrees (15) . Although all surfaces end up with a similar hydrophobicity, it is still well possible that the heterogeneous dissolved organic carbon compounds in the natural seawater generated films with different properties with respect to bacterial adhesion. Also, the surface properties of the underlying substratum dictate selective adsorption (7) and conformational changes of adsorbed macromolecules (6, 17) . Multiple linear regression analysis indicated that hydrophobicity was the main determinant for bacterial deposition, as evidenced by the relatively high standardized coefficients and the fact that hydrophobicity was predictive for all strains. Coatings that became more hydrophobic appeared to be more attractive for bacteria that were hydrophobic as well and vice versa, which is in agreement with observations on the coatings without a conditioning film (1). The general notion that bacteria with hydrophobic surface properties prefer hydrophobic material surfaces and the ones with hydrophilic surface properties prefer hydrophilic surfaces (8, 12 A positive relation was found between mean surface roughness (which ranges from 2.3 nm up to 12.9 nm) and the deposition of micron-sized bacteria. This is surprising and indicates that adhesion of bacteria is mediated by structures much smaller than the bacterium itself, like fimbriae, flagellae or polymeric substances excreted by bacteria. Although no significant relation was shown between elemental surface composition and roughness, adsorbed macromolecules are inevitably involved in the changes of roughness observed.
Summarizing, this chapter shows the rapid change of the surface properties of surfaces incubated in natural seawater with subsequent changes in deposition of marine bacteria, which were due to changes in multiple surface properties; hydrophobicity, roughness and the amount of nitrogen on the surface. Attention should be paid that antifouling coatings based on optimal non-adhesive physicochemical properties maintain their optimal properties after exposure to natural waters.
